Second, in both Seattle and Portland the threat of large magnitude (7+) crustal events became much better accepted. The Seattle fault was documented in a series of papers published in Science (vol. 258, pp. 1611-1623,1992) . The geological field evidence suggests that about 1000 years ago a magnitude 7 event occurred on the Seattle fault; the earthquake uplifted a marine terrace about 7 meters, caused a local tsunami in Puget Sound, sent parts of the shoreline around Lake Washington sliding into the lake, and initiated a number of rockslides in the Olympic Mountains. In Portland, aeromagnetic data, interpreted with previous geologic mapping, show a major, shallow crustal fault striking northwest through the city. The aeromagnetic data allowed details of the shallow crust masked either by urban development or poor surface geological exposures to be interpreted as a fault possibly long enough to produce a magnitude 7 event in the center of Portland. Currently, there are no paleoseismic data in the Portland area linked to the Portland Hills fault. Both features are continuing to be studied in FY94.
Third, a rock slide from the northeast section of Lassen Peak sent seismic signals jumping on September 7,1993. This event is important because it demonstrated that routine landslide signals recorded on standard network stations can be used to estimate the mass involved in the landslide; such information could be extremely useful if search and rescue operations were needed as a result of the landslide. The success in interpreting the seismic signals from the Lassen Peak landslide showed that the work done on landslide signals at Mount Rainier and Mount St Helens can be exported to other areas.
Fourth, a three-day meeting of program participants was held in Seattle on May 13 through May 15. Forty two talks were given (limited to 8 minutes each!) on all aspects of the National Earthquake Hazards Reduction Program (NEHRP) work in the greater Puget Sound area. All program investigators working in northwestern Washington attended; in addition several Canadian and private sector co-workers presented talks. The meeting was attended by members of the press and private citizens interested in earthquake issues and was incorporated into the University of Washington Quaternary Research Center's annual Spring Conference series.
Fifth, the USGS and the University of Alaska Fairbanks reached agreement on the continued operation of the southern Alaska seismic network. Under terms of the agreement, most of the operational and maintenance of the network will be transferred from Menlo Park to the university over the next two years. John Lahr moved from Menlo Park to Fairbanks during the summer and serves as the USGS on-site representative to coordinate many of the changes necessary to implement the new operating arrangements.
Sixth, new outreach efforts were initiated this year. In both Seattle and Portland, NEHRP sponsored press conferences to explain program results. In Seattle a press conference was organized to coincide with the publication of the group of papers on the Seattle fault and an earthquake about 1000 years ago in the central Puget Sound basin. The Portland press conference explained the significance of newly acquired aeromagnetic data that dramatically defined a strong gradient interpreted to be the Portland Hills fault, a previously recognized feature. This press conference helped establish new ties between the USGS NEHRP effort and the Portland Metro Council, an elected council with jurisdiction over landuse in the area.
In the Humboldt Bay region, a magazine insert, "On Shaky Ground" appeared in coastal newspapers. Many program participants throughout the Pacific Northwest responded to the Oregon earthquakes either in participating in the post-earthquake studies or ing providing information to the press and citizens of the northwest. And, a series of sometimes frank discussions continued between the USGS and members of the Oregon and Washington structural engineering groups on the need to revise the federal seismic zoning maps.
There were some changes in program management that should improve the total NEHRP efforts. The USGS named an overall NEHRP Coordinator, Dr. Randy Updike, separating this job from that of the Chief, Office of Earthquakes, Volcanoes, and Engineering (currently held by Dr. Rob Wesson). The USGS regional coordinators, including Craig Weaver in Seattle, Bill Bakun in the Bay Area, Jim Mori in Pasadena, and Buddy Schweig in Memphis, report to Updike. Combined with the new Deputy for External Research, John Sims, this group works with the USGS branch chiefs to coordinate the efforts of the earthquake program.
SUMMARY OF WORK FUNDED IN THE PACIFIC NORTHWEST FISCAL YEAR 1994
The Pacific Northwest region of the U.S. Geological Survey's part of the National Earthquake Hazards Reduction Program (NEHRP) includes both Cascadia (northern California, Oregon and Washington) and Alaska. Although this is a diverse geographical region, both Cascadia and Alaska share the hazards common to subduction zones: great thrust earthquakes, Benioff zone earthquakes, volcanic eruptions, and the possibilities of locally generated tsunamis. The program efforts include an internal part (funds spent within the USGS) and an external part (funds awarded through peer-review) to non-USGS investigators.
On the internal side first, where $2.40 million was available, 32 of 56 proposals received at least partial funding, including 10 investigators new to the region. The two cooperative seismic networks in the region, at the University of Washington and the University of Alaska Fairbanks, will receive $518.0K from NEHRP in FY94. On the external side, we received 65 proposals. After the reviews, we funded (sometimes at reduced levels) 28 of these proposals; the total funding available was $1.3 million. Of the 28 investigators, 13 were new to the Pacific Northwest.
Our efforts in the region are focused in five categories:
Paleoseismic studies of uplift or subsidence along the coasts and in the Puget Sound region Regional geological, crustal and upper mantle structure, and tectonic investigations Regional seismic and deformation monitoring Shaking effects and modeling of potential strong ground motions Applications and outreach
One common theme from both the internal and external panels is a move from mud to modeling. Over the last few years the USGS has funded many paleoseismic studies that primarily examined late Holocene subsidence and uplift features, both along the outer coasts of Cascadia and Alaska as well as within Puget Sound.
Particularly with respect to the occurrence of Cascadia earthquakes, the success of these studies have raised questions about the extent of the rupture zone and the level of ground shaking in the urban areas, issues that must be addressed by modeling studies. We will have a combination of thermal and deformation modeling underway in FY 94 in an effort to test hypotheses related to the behavior of the Cascadia subduction zone. This work will be done by investigators from the Pacific Geoscience Centre, the University of Washington and Oregon State University.
Continuing the emphasis on modeling are a number of new efforts in strong ground motion modeling. USGS investigators will work to analyze the broad-band records written during the Scotts Mills earthquake sequence, whereas four awards to engineering firms have been made to examine aspects of strong ground shaking in the Portland and Seattle basins, estimating the effect of long durations, and using existing data to determine ground response in northwestern Washington and southern British Columbia and in northernmost California.
Some general seismicity work has been funded in conjunction with the Scotts Mills earthquake, including studying the seismic data collected by portable instruments installed in the epicentral region and analyzing the several thousand responses to the intensity questionnaire published in local newspapers after the earthquake. The University of Oregon, Oregon State University, the University of Washington and the USGS will be conducting these studies.
Finally, we are providing funds to Portland Metro for a demonstration project on developing landuse regulations in light of our increased understanding of earthquake risks. This project will attempt to translate our new understanding into legislative solutions firmly based on scientific results.
PROJECTS FUNDED IN THE PACIFIC NORTHWEST, FISCAL YEAR 1994 EXPLANATION
This is a compilation of efforts funded by the USGS in FY94 (October 1,1993 through September 30,1994 in the Pacific Northwest through the NEHRP. This listing is intended as a resource for identifying ongoing work and contacts knowledgeable about specific earthquake issues in the Pacific Northwest. For the purposes of USGS NEHRP efforts, the Pacific Northwest includes all of the Cascadia region and all of Alaska.
There are two major USGS earthquake investigations in the Pacific Northwest not funded through the regional program. The first is that portion of the northern California seismic network north of Cape Mendocino and Lassen Peak. Funds for these operations are provided by the northern California region of NEHRP. The second is the operation of seismic stations that are part of the several national seismic data collection efforts (National Seismic Network, the national strong motion network, global network). Funding for these operations come from the Earthquake Data and Information Services portion of NEHRP.
For convenience of most readers, work underway in the Pacific Northwest has been subdivided into the five general categories listed above rather than by elements listed in the NEHRP plan. These five categories are:
Paleoseismic studies (uplift and subsidence) along the coasts and in Puget Sound (in the Pacific Northwest these studies are under NEHRP component n.5) Regional geologic, tectonic and structural studies (largely NEHRP components 1.1,1.2,11.1,11.2, and II.5) Seismic network and geodetic studies (NEHRP components II.3 and n.4) Strong ground motions studies (NEHRP components ffl.2 and III.4) Applications and outreach (NEHRP components IV. 1 and IV.
2)
The listing includes projects conducted by the USGS directly, these projects are identified under the heading "INTERNAL" and are organized by the branch of the project chief. Work being done by non-USGS investigators is listed under the heading "EXTERNAL". Note that projects in the Pacific Northwest funded by other NEHRP agencies the Federal Emergency Management Agency (FEMA), the National Science Foundation (NSF), and the National Institute of Standards and Technology (NIST) are not included. This project is attempting to hone our existing knowledge of Cascadia subduction zone earthquakes. Hie project continues to concentrate on three aspects of this problem: recurrence, magnitude, and intensity of shaking. For FY94 work will be expanded along the northern Washington coast and outreach efforts will be directed largely toward reducing tsunami risks along the Pacific coast of Washington. This project uses high-precision dating techniques to determine the year and even the season of damage or death to a tree. These techniques will be used to determine if sample trees died by a sudden submergence event or died over many years; the former would suggest a seismic origin for the submergence whereas the latter suggests some gradual geologic or eustatic change. Crossdating techniques will be applied to living tree samples from the Columbia River and trees killed by the most recent Cascadia events to establish a calendar date for the tree death. The objective of this work is to examine glaciolacustrine strandline features formed during the withdrawal of the Cordilleran Ice Sheet to extend the record of uplift in the vicinity of the Seattle fault back about 14,000 years. These studies will provide a check on the validity of uplift reconstructions based on late Holocene wave-cut platforms and tidal marsh deposits and expand the understanding of neotectonic deformation in the Puget Sound basin. This project is examining the importance of local and regional processes reflected in the stratigraphic sequences at three sites along the coast. The work is attempting to test at three sites the validity of models of interseismic crustal movements through an analysis of the nature of paleoenvironmental vegetation succession and sedimentation. The work seeks to determine criteria that will allow coseismic peat/mud couplets to be distinguished from those unrelated to the seismic cycle. The Castle Mountain fault is located near half of the population of Alaska, yet has had only preliminary reconnaissance-style investigations. TTiis project will expand the reconnaissance and develop a plan for systematic mapping and trenching of critical areas. Gravity, magnetic and seismic-reflection data arc being integrated to study selected structures and the regional tectonic setting in the Puget Sound area. Potential field data will be compiled and quantitatively analyzed and then compared with seismicity and areas of known Quaternary deformation. This project involves the collection and interpretation of a wide spectrum of marine geophysical data from the previously little-studied areas from the Cape Mendocino, California area northward along the Pacific coast to central Oregon. The two-fold objectives of this work arc to enhance the understanding of the deformation processes related to the Mendocino triple junction and to determine the shallow-to-deep structure of the Gorda plate portion of Cascadia. This project is a collaboration with several laboratory projects to use results from these experiments on material properties of rocks found at depth to provide constraints on numerical models of the deformation of subducting slabs. Together, the laboratory and modeling work is attempting to explain the distribution of Benioff zone earthquakes observed in Cascadia. This project addresses the geologic evidence for or against seismogenic faults within the Southern Washington Cascade Conductor (SWCQ. Seismicity is wellrecognized along the boundary of much of the SWCC, and models have been developed that treat the SWCC as a rigid body in the crust The mapping and structural study in this project seeks to determine the strain history in the area above the SWCC. This project is seeking to resolve seemingly contradictory evidence concerning the seismic potential of the Shumagin Islands segment of the Alaskan subduction zone. These differences arise from predictions stemming from seismic history that suggest a classic locked section of a subduction zone and from geodetic observations that have been interpreted to show a lack of stress accumulation. Modeling efforts in FY94 will examine alternative assumptions on the location of fault zone asperities, and attempt to compare model predictions with observations. The objective of this study is to characterize and determine the timing of deformational events in the subducting Juan de Fuca plate, accretionary wedge, and forearc basins of the Cascadia convergence zone off Oregon and Washington, The study is investigating the shelf folds and faults to determine if these structures represent an independent seismic hazard to the coastal regions. The objective of this project is to develop a robust procedure for determining earthquake source parameters, including source mechanism (from moment tensors), seismic moment and source depth from the inversion of broadband waveforms for all earthquakes within the region and of magnitude 3.5 or greater. An understanding of the effects of propagation paths, one of the major limitations in implementing moment tensor inversions, is a focus of study for FY94. This study will be using existing thermal data to model the thermal regime and the thermal constraints to the locked portion of the Cascadia subduction zone on a series of profiles across the margins of Washington and Oregoa These profiles will define spatial variations along the margin and provide for a comparison of extent of the locked zone determined from thermal data with that inferred from deformation data. To help calibrate the results in Cascadia, similar profiles will be constructed across the Nankai margin of Japan, where the additional constraint of estimates of the portion of the megathrust that failed during recorded earthquakes is available. This study is focused on the Seattle fault, a major crustal fault that strikes eastwest through the highly urbanized central Puget Sound basin. The study will compile and analyze the extensive existing subsurface and surface data that exist in the vicinity of the fault. The main objective of these studies is to improve the existing understanding of the lateral extent of Quaternary deformation on the Seattle fault, determine if there is evidence of past surface rupture along the fault, and examine the recurrence of events on this structure. The objective of this work is to provide a better understanding of the complicated tectonics and earthquake hazard near the Cape Mendocino triple junction. The work will focus on analyzing a variety of records (long-period surface waves, teleseismic P and S waves, local strong motion) written by the main shock and two largest aftershocks in this sequence; source parameters for many hundreds of aftershocks will be calculated from both temporary and permanent stations that recorded the sequence. These results will be incorporated into a improved tectonic model This work is using tsunami modeling to estimate the source areas for large earthquakes in the Alaskan and Aleutian subduction zones as well as for selected events near the Alaskan comer (Gulf of Alaska and St Elias events) and along the Queen Charlotte fault The results of these studies will be applied to Cascadia, where no data is available from large earthquakes, to estimate fault parameters for subduction zone events. This work is analyzing sediments in Lake Washington in an effort to use the history to determine if evidence exists that suggests strong shaking altered this history. Emphasis for FY94 is on honing the timing of the stratigraphy through collection of some additional lake cores and dating of these and some existing cores. Tliis project, a collaborative effort with John Nabelek at Oregon State University, is studying the relationship of seismicity and source parameters of the aftershocks of the Scotts Mills earthquake to the location, geometry, and style of deformation of the Mount Angel fault The Mount Angel fault is close to, but possibly distinct, from the location of the aftershocks. This objectives of this project are to provide a understanding of the structural and tectonic framework of the Cascadia subduction zone in order to increase the understanding of the origin and significance of earthquake hazards in this regioa Work in this investigation for FY94 is focused on seismicity studies related to the Scotts Mills, Oregon earthquake and its aftershock sequence and lithospheric structural studies using teleseismic, earthquakes, active experimental observations, and teleseismic receiver functions. Tliis project will develop 3-dimensional finite element models of deformation in the Cascadia subduction zone. The 3-d nature of these models will provide a much better representation of the geometrical complexities observed in the northern portion of Cascadia (from about central Oregon to Vancouver Island). The results from mis modeling will provide insight into the effect of lateral variations in the strike of the deformation front or the dip of the subducting Juan de Fuca plate has on observed upper plate deformation. The Toppenish Ridge scarps are part of a major fault system and previous work has shown that the structure has moved recently. The primary objective of this study is determine the timing and nature of the movement of the scarps on Toppenish Ridge fault system, to estimate if the system could produce a major (magnitude 7 or greater) shallow crustal earthquake, and to examine faulting on Ahtanum Ridge in light of findings on Toppenish Ridge. This project is attempting to infer the fault geometry of the 1992 Cape Mendocino earthquake from geodetic and coastal-uplift observations. The study will use digital bathemetry to search for offshore faulting, folding, or slumping that could be associated with past events on this fault Finally, the study hopes to determine a repeat time for characteristic earthquakes and to learn whether earthquakes in adjacent areas have contributed to the long-term deformation in this region. The U.S. Navy's SOSUS system, composed of fixed hydrophone arrays, is used to monitor seismicity off the coast of the Pacific Northwest These data, formerly classified, are now being made available to researchers. This project will develop a pilot study to examine the usefulness of these data for studying the relation of offshore seismicity to known geological structures and for identifying seismically active structures not previously recognized. This project provides a number of deformation measurements in the Shumagin Islands, located at the southwestern end of the Alaskan Peninsula. Available deformation data span 19 years; these data include geodetic leveling, GPS surveys, and sea level observations. The deformation data are being used to attempt to resolve the controversy surrounding the seismic hazard in this section of the Alaskan subduction zone. Some models explain the deformation data as compatible with aseismic slip on the subduction thrust surface, whereas other models with a locked interface are also claimed to fit the data. Continued analysis of existing data is the focus for FY94. This project operates the regional seismic network in Oregon and Washington. About 130 short-period seismic stations, several 3-component short-period stations, and a five 3-component broadband stations are included in the network. The external portion of NEHRP provides a portion of the total operational costs (the US Department of Energy, the USGS Volcano program, and the USGS internal NEHRP efforts through Weaver's project are the other major funding sources). The operational support from these sources provide for field maintenance and replacement of existing stations, telemetry costs associated in transmitting the data to Seattle, routine analysis of the data, publication of seismic catalogs, and funding for a public spokesperson. A portion of the external NEHRP funds are passed through to the University of Oregon to support field maintenance of seismic stations in the central Cascades and southern Oregon. This project is examining the seismograms of the Scotts Mills, Oregon earthquake. Hie strong motion data of the mainshock will be analyzed to determine source parameters (seismic moment, source dimension, stress drop) and propagation effects. These results will be used to characterize the site response and crustal attenuation for the Willamette Valley, parameters needed to predict future ground motions. The purpose of this project is to provide partial support for the publication of Earthquakes and Volcanoes. This publication appears bi-monthly and is intended to "...provide current information on earthquakes and seismology, volcanoes, and related natural hazards of interest to both generalized and specialized readers". This project provides direct graphics support to other researchers working in the Pacific Northwest; in addition to serving this function in FY94 this project will
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